This study of individuals with familial and sporadically occurring 46 XX or XY Turner phenotype documented a wide range of right-and left-sided cardiovascular abnormalities and a previously unreported eccentric hypertrophy of the left ventricle.
alies: coarctation of the aorta in three, valvular aortic stenosis in one, pulmonary valvular insufficiency with atrial septal defect in one, and pulmonary arterial branch stenosis in one child. All six had a similar abnormality of the left ventricle on angiocardiography. During systole and also in diastole the cavity was encroached on in its superolateral and posteroinferior aspects. Septal hypertrophy altered right ventricular contour in two.
A similarly abnormal electrocardiogram and left ventricle were found in four unrelated individuals with the XX, XY Turner phenotype. Three had pulmonary stenosis; in two there was an associated septal defect. The fourth, with no associated cardiac defect, died in heart failure at 5 months of age. At necropsy she had marked eccentric biventricular hypertrophy, chiefly involving the left ventricle so that the chamber was reduced to a slitlike cavity. The hypertrophied septum bulged into the right ventricular outflow tract.
A number of cardiovascular anomalies occur in familial and sporadic instances of this syndrome; eccentric ventricular hypertrophy recognizable by an electrocardiographic abnormality seems to be a distinctive cardiac lesion in the XX, XY Turner phenotype. Except for the unusual and, we believe, characteristic ECG, there was no clinical clue on physical examination or cardiac series of chest roentgenograms to suggest the presence of eccentric left ventricular hypertrophy. We recommend that selective left ventricular angiocardiography be performed when patients with the Turner phenotype undergo diagnostic cardiac catheterization, especially when the frontal AQRS is superiorly directed. EHLERS ET AL. syndrome in association with a normal chromosomal complement (46 XX or XY). These people have been referred to by various eponyms such as Turner phenotype with normal karyotype, Ullrich syndrome, Bon, nevie-Ullrich syndrome, Ullrich-Turner syndrome, Noonan syndrome, Noonan-Ehmke sytldrome, or, in the case of males, by the term "male Turner syndrome." Our preference is to designate such individuals as having either 46 XX or XY Turner phenotype. The familial incidence of this condition in siblings of the same as well as of the opposite sex has been reported 6, 19 22 2, 27-30, 32, 33 as has the transmission of this condition from either moth-er17 21-23. 27, 29. 30, 32 or father 33 to both male and female offspring.
Cardiovascular abnormality is an important feature of the XX and XY Turner phenotypes just as it is in the XO Turner syndrome. In the latter, coarctation of the aorta is the most frequently occurring defect, although other malformations such as subaortic stenosis and lesions with left-to-right shunts have been found. In the XX or XY Turner phenotype, pulmonic valvular stenosis, either with or without an atrial septal defect, has been the most frequently reported anomaly, while aortic stenosis and coarctation of the aorta have been infrequent findings. Pulmonary arterial branch stenosis, ventricular septal defect, and patent ductus arteriosus have also been described.
The present report describes the clinical, laboratory, and hemodynamic findings in a mother and five of her seven children who exhibited phenotypic features of the Turner syndrome in association with normal karyotype. The wide range of cardiovascular abnormalities documented in these six affected family members is noteworthy. In addition, all six were demonstrated to have a distinctive and previously unreported eccentric hypertrophy of the left ventricle. Electrocardiographic findings in five of these six family members revealed an unusual frontal AQRS ranging from -600 to + 180°and a bizarre precordial lead pattern. In a survey of the 10 other individuals recognized as having the sporadic occurrence of Turner phenotype and normal karyotype, the unusual left ventricular abnormality together with similar electrocardiographic findings was identified in four. Postmortem findings in one of these individuals will be presented.
Methods
Evaluation of the family consisted of clinical examination including specific analyses for stigmata of the Turner phenotype. Height and weight were plotted on standard growth charts.* In addition to complete pedigree analysis, genetic evaluation included determination of sex chromatin distribution in buccal mucosal cells, chromosomal analysis using peripheral blood leukocytes, and dermatoglyphic analysis by visual and standard ink techniques.
Metabolic and endocrine studies consisted of determinations of parameters of pituitary, adrenal, thyroid, and gonadal function. Testicular biopsy was obtained at the time of orchiopexy in one subject. Skeletal survey was obtained in all. Psychometric evaluation was also performed.
Cardiovascular evaluation included electrocardiograms, phonocardiograms, and a cardiac series of chest roentgenograms. The five children and the mother who exhibited abnormal auscultatory or blood pressure findings and electrocardiographic abnormalities underwent cardiac catheterization with contrast visualization. Postangiographic flat plate of the abdomen was obtained to screen for genitourinary tract abnormality, and intravenous pyelograms were performed in two.
Of the 10 individuals with sporadically occurring Turner phenotype, three underwent the above complete evaluation, and the others had genetic (chromosomal analysis, buccal smear) and cardiovascular evaluation as outlined above, including cardiac catheterization with contrast visualization.
Results

Family Study
The abbreviated pedigree of the family is shown in figure 1 . Neither the grandparents nor the maternal aunts and uncles of the probands could be examined. The father, an on'y child, was 63 inches tall and neither he nor his parents (father 68 inches, mother 60 inches) exhibited stigmata of the Turner phenotype. Two siblings of the mother had short stature and a history of cardiac disorder. Another of her siblinigs died in infancy of "pneumonia." The maternal grandfather was 62 inches tall and the grandmother was 65 inches tall. Table 1 shows the incidence of stigmata of the Turner phenotype in the mother and her seven children. Their chief features included short stature, short or webbed neck with low, posterior hairlinie, cubitus valgus, shield chest, hypertelorism, low-set or prominent ears, short fifth finger, clinodactyly, high-arched palate, multiple pigmented nevi, and dystrophic nails. Figure 2 shows a photograph of the seven siblings in descending chronologic order. Two of them (P and A) had normal stature (height at or greater than the third percentile) and appearance, no evidence of cardiovascular disorder, and only a minimal number of phenotypic abnormalities. The mother and the five other siblings who exhibited the typical Turner phenotype all had cardiovascular deformity including an identical left vXentricular abnormality.
Chromosomal analysis using peripheral blood leukocytes rexealed a normal chromosomual complement in the mother anid tw\o daughters and XY sex chromosome pattern in the sons. In each instance examination of a large number of cells revealed no evidence, despite careful search, of mosaicism or X chromosome abnormality. Sex chromatin distribution in buccal mucosal cells was positixe in females and negative in males. Complete metabolic and endocrinologic evaluation xvas normal. Testicular biopsy performed at the time of orchiopexy in N was normal. Skeletal sulrveys were unremarkable except for bone-age determinations (table 1) . No abnormality of the genitourinary tract was detected in postangiocardiographic flat plate anialysis or oni intravenous pyclography in N or F. Psychometric evaluation revealed one individual (N) to be of below average intelligence with IQ 79. K, F, and C had low, average scores of 88, 90, and 87, respectively. The rest had scores in the axverage raange, 96 to 111.
Cardiovascular Studies
Familial
The mother and five of her seven children had abnormal auscultatory and/or blood pressure and/or electrocardiographic findings.
Cardiac series of chest X-rays was normal in all. EGG sttudies. The electrocardiographic features of note in the family are detailed in table 2. The mother and four of the five children (K, N, J, and C) proveni to have cardiovascular abnormalities exhibited a peculiar frontal AQRS varying from -600 to ± 180°. In these same individuals the frontal AQRS-T angle varied from 105°to 225°. The fifth child (F) with cardiovascular abnormalities had a normal frontal AQRS ( +80°), as did the two unaffected children (P and A), and all three had normal progressioni of precordial lead QRS pattern. The mother and two affected children (N and C) exhibited a bizarre precordial QRS pattern with no dominant R deflection in conventional precordial leads recorded from V:3R to V,. Lead aVR inl these individuals consisted of R or rsR'. Another child (J) had qR in aVI, and rsR' in V3R and deep S waves in V-, and V;. K had deep S waves in V-,. The electrocardiogram of the mother is illustrative of this type of abnuormality ( fig. 3 ).
Hemodynamic and Angiocardiographic
Studies. Table 3 summarizes the hemodynamic anid auigiocardiographic findings at cardiac catheterization in the mother and her five affected children. A summary of the cardiovascular abnormalities detected is given in the last colurmn. The wide range of defects in these family members included: mild aortic valvular stenosis in the mother, coaretation of the aorta of mild to moderate severity in three children, mild pulmonary insufficiency and a left-to-right shunt at atrial level in another son, and mild branch stenosis of the right and left pulmonary arteries in the remaining son.
These diagnoses had been made prior to the cardiac catheterization on the basis of characteristic auscultatory and blood pressure findings. Two children had common origin of the innominate and left carotid arteries.
Of particular interest was a distinctive and similar abnormality of the left ventricular contour noted on biplane frontal and lateral films on selective left ventricular angiocardiograms of the mother as well as all five of her 
Abbreviationis: HA = right atritum; IV = right ven artery; LPA = left, pulmonary artery; LA = left atriiu thoracic aorta; + = present; absent; blanik = stenosis; PI = pulmonary insufficiency; coarctationl = *Numbers in pareintheses are meani pressures.
angiocardiograms in the mother and daughter (C) showed effects of septal hypertrophy in the form of medial displacement of this chamber in the frontal view and a concavity and deformity of the posterior aspect in the lateral view.
Sporadic
The 10 individuals exhibiting multiple stigmata of the Turner phenotype with 46 XX or, in one instance (P.H.), XY karyotype also showed a wide range of cardiovascular abnormalities. Table 4 summarizes the cardiovascular findings disclosed at cardiac catheterization along with the pertinent electrocardiographic findings.
Four individuals (A. A., P. H., P. M., K. P.) also had a peculiar frontal AQRS ranging from -150' to -160°. The cardiovascular defect in three of these was moderate valvular pulmonic stenosis alone or in association with small septal defects. Two patients (P. H. and P. M.) with moderately severe valvular pulmonic stenosis had successful open-heart surgery; under direct vision through the pulmonary arteriotomy, the commissures were fused, but tricle; MPA = main pulmonary artery; IRPA = right pulmonary m; LV = left venitricle; Ase. aorta = ascending aorta; Thor. aorta = illformation Inot. obtainied; PS = puilmonic stetnosi.s AS = aortic = coarctationi of the aorta. the leaflets were not dysplastic. Angiocardiography in these four individuals revealed a similar abnormality of contour of the left ventricle due to eccentric hypertrophy. Figure  6 shows the left ventricular selective angiogram in K. P. to illustrate the similarity of the contour of this chamber to that noted in the six family members presented herein.
One of these subjects (A. A.) died in chronic congestive heart failure at 5 months of age. Her electrocardiogram is shown in figure  7 . Cardiac catheterization at 3 months measured right ventricular hypertension of moderate degree, attributed to a restrictive left ventricle. No shunts were demonstrated. At necropsy the heart weighed 210 g (expected weight, 102 g) and there was marked hypertrophy of the left ventricle, the ventricular septum, and to a lesser degree the right ventricle. The chamber of the left ventricle ( fig. 8 ) was narrowed to a sigmoid slit by the hypertrophied wall (base 15 mm and apex 11.5 mm) and the enormously thickened ventricular septum. This septum bulged into the outflow tract of the right ventricle (base 9 
Discussion
That this condition can be familial has been established by its occurrence in two and three siblings6' 19 22, 25, 27-30, 32, 33 of the same family, by transmission from an affected mother to her offspring,'17 [21] [22] [23] 27, 29, 30, 32 and by one bona fide instance of transmission from an affected father to his offspring.33 A number of authors have commented on the high incidence of partial expression of this condition in first-degree relatives. 23 7 33 Noteworthy in this family as well was the presence of a few stigmata of the Turner phenotype in P and A, the two siblings who appeared to be unaffected (table 1) . Cardiovascular abnormality is a significant feature of the Turner phenotype with normal Circulation, Volume XLV, karyotype and is probably more frequent in this condition than in the 45 XO Turner syndrome. The incidence of cardiac malformation in several large series of XO Turner syndrome ranged from 25% to 50%, with coarctation of the aorta alone or occasionally in association with subaortic stenosis accounting for over half of the reported defects.35-3 Ventricular septal defect and dextrocardia are the next most frequent lesions, but are considerably lower in incidence. Pulmonic stenosis is rare, and may only be associated with the Turner mosaic constitution (XO/ XX) .:3 Of the well over 100 instances of the 46 XX or 46 XY Turner phenotype reported in the literature, about 50% and possibly more have had cardiovascular abnormalities. The most frequently documented defect in this condition is valvular pulmonic stenosis, either alone or in association (particularly in females) with atrial septal defect. Isolated atrial septal defect occurs next most frequently. Both coarctation of the aorta and aortic stenosis do occur, but are much less common. Peripheral pulmonary artery stenosis, ventricular septal defect, patent ductus arteriosus, and tetralogy of Fallot may also occur, but are unusual. This family is particularly noteworthy for the large number of affected individuals, for 645i EHLERS ET AL. (A, B) and diastole (C, D) of the left yentricular selective angiocardiogram in the son, J, to illnistrate a similar abnormality of this chamber to that of the mother shownii in figuire 4. frontal AQRS (-600 to --180 ) was noted in all but one (table 2) . This individual (F) showed the least distortion of the left ventricular chamber of any of the family members.
Cardiovaseular studies in those with sporadically occurrinig 46 XX or XY Tuirnier pheniotype also demonstrated a wide ranige of cardiovascular abnormalities (table 4) fig. 7 ) showed right ventricular dominance and very deep S waves in left precordial leads. In this baby the hypertrophy was so severe that outflow obstruction resulted. No such obstruction was documented in any of the other subjects, familial or sporadic, with milder but similar eccentric hypertrophy. There are no reports in the literature of a similar type of left ventricular abnormality.
Other individuals with the Turner phenotype and normal karyotype have been reported to have an unusual superiorly oriented frontal AQRS together with a right-sided malformation such as valvular pulmonic stenosis or a dysplastic pulmonary valve with or without an associated septal defect.23 ' 24, 32 The unusual electrical axis was not explained by the right-heart catheterization. No left ventricular selective angiocardiograms were reported on for those patients. We recommend that such a study be performed in subjects undergoing diagnostic cardiac catheterization and contrast visualization for Turner phenotype, especially when the frontal AQRS is superiorly directed, and despite the absence of a left ventricular-aortic pressure gradient.
Unusual left-axis deviation (-300 to -900) has been demonstrated in a variety of disorders affecting the myocardium primarily or secondarily, such as idiopathic myocardial showing bulging hypertrophied ventricular septum and outflow portion of the left ventricle. The markedly hypertrophied myocardial free wall and the thickened ventricular septum bulging into the chamber reduced the left ventricular cavity to a sigmoid slit and resulted in obstruiction to outflow. hypertrophy, cardiomyopathy, hypertrophic subaortic stenosis, ischemic heart disease, or fibrosis. When it occurs, it has been attributed to anatomic abnormality of or altered conduction in the anterior-superior division or anterior fascicle of the left bundle-branching system.4' Such terms as left anterior parietal block,4 left anterior hemiblock,j or left anterior fascicular block43 have been used to describe such remarkable left-axis deviation and the associated electrocardiographic features.
The superiorly oriented frontal AQRS in these subjects is similar to that of eu-docardial cushion defects. Serial histologic studies of the atrioveintricular (A-V) coniductioni system in the partial and complete forms of this malformation have demonstrated anatomic abxnormalities of configuration and position of the A-V node, bundle of His, and of the left bundle-branching system, particularly the antenior-superior division.44 T These abnormalities may alter the sequence of excitation so that there is earlier impulse propagation to the Cuirculavton, Volume XLV, March 1972 650 ECCENTRIC VENTRICULAR HYPERTROPHY posteroinferior portion of the ventricular septum. It is tempting to speculate that the eccentric hypertrophy which primarily involves the left ventricle and ventricular septum in these individuals with the 46 XX or XY Turner phenotype may so alter the configuration or location of, or the pattern of excitation within, the conduction system that a similar electrophysiologic abnormality results.
